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Abstract 
Consideration is given to the factors of enrichment of vapor-gas-condensate mixtures with chemical elements in the 
system seawater – rock – vapor-gas-condensate mixture. 
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Sediments commonly are formed under marine conditions so their pore volume initially contains 
oceanic water. The salt content of the oceans has changed little since the end of the Cambrian period (500 
million years) [1]. Thus, we may estimate the factors of enrichment for steam-gas-condensate mixtures 
with chemical elements over geologically significant periods of time. 
Marine sediments are transformed into rock in stages, with chemical reactions involving organic 
matter (OM) and seawater. At the earliest stage there is already a transformation of sediment sand water 
that depends on rock structure, OM enrichment, microbiological activity, rate of burial etc. [2]. At this 
stage, the pore waters are enriched with hydrogen sulfide, ammonium, methane, biogenic nitrogen, 
phosphorus, boron, carbon dioxide, organic acids, hydrocarbons and other substances [2]. There is a 
gradual increase of mineralization of waters as sediments accumulate, and pore waters interact with 
sediments. Water interaction with rocks, and also water redistribution between clays and sandstones 
proceed during the early diagenesis, post-sedimentation period [3]. Clays dehydrate and the water 
produced in this reaction leads to formation of dynamic flow systems. Sometimes these waters can be 
quite saline, especially at great depths of burial. The P-T conditions encountered with burial depth 
promote transformation of the buried OM, resulting in formation of liquid and gaseous hydrocarbons. 
Under favorable tectonic and structural lithologic conditions, deposits of oil, gas, and gas-condensate, 
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linked to these large hydrodynamic systems, are formed. As sediment traps fill with fluid hydrocarbons, 
the residual water of the hydrodynamic basin also is accumulated. The composition of these waters is a 
result of the diagenetic reactions, and differs from metamorphic waters.  
Over geological time, waters in these hydrodynamic systems continue may migrate over considerable 
distances and interact with rocks. The residual waters of hydrocarbon deposits during geological time are 
the product of the complex interactions with permeable and impermeable rocks and hydrocarbons of 
various structure. All parts of this system may be in quasi-static balance.  
Homogeneous gas phases form in gas-condensate deposits by separation from vapor of high-boiling-
point hydrocarbons and water vapor, i.e. a vapor-gas-condensate mixture (VGCM). VGCM is in 
continuous contact with gas-saturated residual water and liquid hydrocarbons and also with reservoir 
rocks. Hydrocarbon deposits strongly affect the salt composition of the reservoir waters adjoining a field. 
It is known that there are chemical elements in oils [4], gas condensate [5] and condensation waters. 
The factors leading to accumulation of these elements were studied in gas-condensate fields [6] as an 
interface between liquid residual water, water vapor, and gas. In gas-condensate deposits, the VGCM 
contains chemical elements that are partitioned from vapor of high-boiling hydrocarbons in contact with 
residual water.  
Comparison of chemical elements concentration in oceanic water and in a condensed phase of VGCM 
of a gas-condensate field, and also in a condensed phase of VGCM and in Earth's crust is obviously 
important. Such comparison allows us to determine factors of VGCM enrichment with chemical elements 
over geological time, and also to learn mechanisms of element transfer upon phase transitions of fluids. 
The condensable phase includes gas-condensate and condensation water for which there are averaged data 
for the chemical elements [7]. Factors of element enrichment (and depletion) of the VGCM condensable 
phase over geological time are given in the Table. The content of elements in sea water is provided in[8], 
and the content of НСО3–and SO42– is taken from [9]. Abundance of elements in Earth’s crust 
(composition: 2 parts of sour rocks + 1 part of the main rocks) is given in [8]. 
Comparing the content of elements in the buried oceanic water and in VGCM with the initial contents 
in gas phase 185.3 of g/m3 of high-boiling hydrocarbons and 2.5 g/m3 vapor of waters chemical elements 
are seen in the following order of concentration: Ce>La>Cr>Eu>Yb>Pb>Hg>Ga>Th>Sm>Se> 
Fe>Mn>Lu>Co>V>Sc>Ni>Zn>Au>Cu>Al>Sb>Cs>I>U>Ba>As>Rb. 
Numerical values of VGCM element enrichment factors in relation to seawater change over9 orders of 
magnitude. In the case of the41 elements in the Table, VGCM is enriched with 29 elements. The 
enrichment factor for Ce, La, and Cr is more than 5 orders of magnitude, for Eu, Yb, Pb – more than 4 
orders of magnitude, for Hg, Ga, Th, Sm – more than 3 orders of magnitude, for Se, Fe, Mn, Lu, Co, V, 
Sc, Ni – more than 2 orders of magnitude, for Zn, Au, Сu, Al, Sb, Cs, I, U, Ba – more than 1 order of 
magnitude. Twelve elements (Na, К, Mg, Са, Сl, НСО3–, SO42–, Li, Si, Br, Sr, W) are depleted in VGCM 
(table and figure). 
In this work consideration is given to element enrichment of condensable parts of VGCM in which gas 
phase of high-boiling hydrocarbons vapor and waters make an insignificant share (at T = 20°C and 
P=0.1013 MPa): 1 m3 of mixture contains 0.035 m3 of high-boiling hydrocarbons vapor and 0.003 m3 of 
water vapor. VGCM with considerably larger content of condensable phases in comparison to the case 
under consideration are known. So for example, some deposits of the oil-gas condensate field Russky 
Khutor Severny contain up to 1000 cm3/m3 of gas condensate, and in high-temperature (178°С) gas-
condensate deposits of the Arun field (Indonesia), the content of water vapor reaches about 5.9 %. It is 
natural to expect “dry” gases without high-boiling hydrocarbon vapor and water to be capable of 
transporting chemical elements in organometallic compounds of various metals.  
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Table. Factors of enrichment with elements the condensable phase of vapor-gas-condensate mixture 
 
Element Content in 
marine water, 
mg/kg (ХWM) 
Content in 
Earth’s crust 
(clarke),  
mas. % (XCL) 
Content in gas 
condensate, 
mg/kg (ХGC) 
Content in 
condensation 
water, 
mg/kg (ХWC) 
Content in 
VGCM, 
mg/kg 
(ХVGCM) 
lg(ХVGCM/ХWM) lg(ХVGCM/XCL) 
Na 10200 2.50 0.48 28.6 0.85 –4.077 –4.468 
К 380 2.50 INA 2.42 2.42 –2.196 –4.014 
Mg 1270 1.87 Same 3.02 3.02 –2.624 –3.792 
Ca 400 2.96 –«– 26.1 26.1 –1.185 –3.055 
Сl 19000 0.017 17.5 81.6 18.3 –3.016 –0.968 
НСО3– 142 – INA 118 118 –0.081 – 
SO42– 2710 – same 26.5 26.5 –2.110 – 
Li 0.147 0.0032 –«– 0.09 0.09 –0.213 –2.551 
Al 0.01 8.05 –«– 0.56 0.56 1.748 –5.158 
Si 2.94 29.5 –«– 2.8 2.8 –0.021 –5.023 
Sc 0.00004 0.001 0.006 INA 0.006 2.176 –3.222 
V 0.003 0.009 0.5 same 0.5 2.222 –2.255 
Cr 0.00002 0.0083 2.9 0.07 2.9 5.161 –1.457 
Mn 0.002 0.1 0.46 2.37 0.48 2.380 –3.319 
Fe 0.0098 4.65 2.0 165.4 4.63 2.674 –4.002 
Со 0.00049 0.0018 0.10 0.11 0.10 2.310 –2.255 
Ni 0.0020 0.0058 0.27 0.53 0.27 2.130 –2.332 
Cu 0.003 0.0047 0.14 3.78 0.19 1.802 –2.393 
Zn 0.0098 0.0083 0.92 3.78 0.96 1.991 –1.937 
Ga 0.00003 0.0019 INA 0.11 0.11 3.564 –2.237 
As 0.003 0.00017 0.0046 INA 0.0046 0.186 –2.568 
Se 0.0001 0.00005 0.075 same 0.075 2.875 –0.839 
Br 65 0.00023 4.6 0.09 4.54 –1.156 0.295 
Rb 0.196 0.015 0.29 same 0.29 0.170 –2.714 
Sr 7.84 0.034 INA 0.58 0.58 –1.131 –2.768 
Sb 0.00049 0.00005 0.02 INA 0.02 1.611 –1.398 
I 0.049 0.00004 0.98 6.7 1.06 1.335 0.423 
Cs 0.00036 0.00037 0.01 INA 0.01 1.444 –0.564 
Ва 0.0196 0.065 0.2 0.8 0.2 1.009 –3.512 
La 0.0000029 0.0029 0.0052 INA 0.52 5.254 –1.746 
Се 0.0000013 0.007 0.44 same 0.44 5.530 –2.202 
Sm 0.00000042 0.0008 0.0013 –«– 0.0013 3.491 –3.789 
Eu 0.0000011 0.00013 0.044 –«– 0.044 4.602 –1.476 
Yb 0.00000052 0.000033 0.016 –«– 0.016 4.488 –1.314 
Lu 0.0000012 0.00008 0.00027 –«– 0.00027 2.352 –3.472 
W 0.098 0.00013 0.017 –«– 0.017 –0.761 –1.883 
Au 0.000004 0.00000043 0.00036 –«– 0.00036 1.954 –1.077 
Hg 0.00003 0.0000083 0.12 –«– 0.12 3.602 0.160 
Pb 0.00003 0.0016 INA 0.40 0.40 4.125 –1.602 
Th 0.00001 0.0013 0.034 INA 0.034 3.531 –2.582 
U 0.003 0.00025 0.05 same 0.05 1.222 –1.699 
Total 34100 52.3 32.2 474. 506. –1.828 –3.014 
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Fig. 1. Factors of VGCM enrichment with elements. 
 
In conclusion, the factors of VGCM enrichment with chemical elements show that during geological 
time, as a result of phase transitions of fluids as well as complex physical and chemical processes among 
solid, liquid and gaseous systems, there is a redistribution of chemical elements with enrichment of the 
gas phase. This enrichment may play a major role in mass transfer of elements in Earth’s crust. 
References 
[1] Kenneth DJ. Item. Sea geology: 2nd volume. M: Mir, 1987; T. I : 397 p.; T. II: 384 p.  
[2] Shvartsev SL. Hypergenesis Zone hydrogeochemistry. M: JSC Nedra Publishing House, 1998; 366 p. 
[3] Magara K. Consolidation of rocks and migration of fluids. Applied geology of oil. M: Nedra, 1982; 296 p. 
[4] Punanova SA. Oil microelements, their use at geochemical researches and studying of processes of migration. M: Nedra, 1974; 
216 p. 
[5] Starobinets IS, Kurgan EV. Microelements in gas-condensate and their geochemical value (on an example of oil-gas condensate 
fields of Central Asia). Report of Academy of Sciences of the USSR 1979; 245-2: 454-457. 
[6] Petrenko VI, Novozhilov AL. Distribution and a fractioning of elements upon phase transitions of reservoir waters of gas-
condensate fields. Reports of the Russian Academy of Sciences 1996; 347-4: 528-530. 
[7] Petrenko VI, Zinovyev VV, Zlenko VY, Zinovyev IV, Ostroukhov SB, Petrenko NV. Geologo-geochemical processes in gas-
condensate fields and UGS. M: Nedra, 2003; 511 p. 
[8] Vinogradov AP. The average content of chemical elements in the main types of igneous rocks of crust. Geochemistry 1962; 7: 
555-571. 
[9] Drever  DJ. Geochemistry of natural waters. M: Mir, 1985; 440 p. 
